Background: Research on health-education programs requires longitudinal data. Loss to follow-up can lead to imprecision and bias, and complete loss to follow-up is particularly damaging. If that loss is predictable, then efforts to prevent it can be focused on those program participants who are at the highest risk. We identified predictors of complete loss to follow-up in a longitudinal cohort study. Methods: Data were collected over 1 year in a study of adults with chronic illnesses who were in a program to learn self-management skills. Following baseline measurements, the program had one group-discussion session each week for six weeks. Follow-up questionnaires were sent 3, 6, and 12 months after the baseline measurement. A person was classified as completely lost to follow-up if none of those three follow-up questionnaires had been returned by two months after the last one was sent. We tested two hypotheses: that complete loss to follow-up was directly associated with the number of absences from the program sessions, and that it was less common among people who had had face-to-face contact with one of the researchers. We also tested predictors of data loss identified previously and examined associations with specific diagnoses. Using the unpaired t-test, the U test, Fisher's exact test, and logistic regression, we identified good predictors of complete loss to follow-up. Results: The prevalence of complete loss to follow-up was 12.2% (50/409). Complete loss to follow-up was directly related to the number of absences (odds ratio; 95% confidence interval: 1.78; 1.49-2.12), and it was inversely related to age (0.97; 0.95-0.99). Complete loss to follow-up was less common among people who had met one of the researchers (0.51; 0.28-0.95) and among those with connective tissue disease (0.29; 0.09-0.98). For the multivariate logistic model the area under the ROC curve was 0.77. Conclusions: Complete loss to follow-up after this health-education program can be predicted to some extent from data that are easy to collect (age, number of absences, and diagnosis). Also, face-to-face contact with a researcher deserves further study as a way of increasing participation in follow-up, and health-education programs should include it.
Background
Studies of health-education programs require that enough data be collected at the right times [1] . However, in most longitudinal studies some loss to follow-up is considered to be inevitable and it can cause imprecision and bias [2] [3] [4] [5] [6] .
To increase precision, one option for both observational and experimental designs is to inflate the target sample size to compensate in advance for the expected loss [7] [8] [9] [10] . Better still, some data loss can be prevented. Here we are concerned with follow-up data collected via postal questionnaires. Among the options that have been used to promote retention in this context are recorded delivery, monetary incentives, and use of handwritten addresses [11] . If loss to follow-up can be predicted, that is, if individuals who are unlikely to return questionnaires can be identified before those questionnaires are sent, then researchers will know on whom to focus their efforts to promote retention.
Problems caused by missing data can sometimes be mitigated with statistical techniques [12] . However, those techniques are less useful when, in the worst cases, some program participants do not respond to any requests for follow-up information, so it is particularly important to predict complete loss to follow-up. Our goal was to identify predictors of complete loss to follow-up in a longitudinal cohort study of people who participated in a health-education program, as a step toward increasing retention and reducing bias and imprecision in future studies. We tested hypotheses regarding two potential predictors: the number of absences, and face-to-face contact with a researcher.
Methods
Data were collected as part of a longitudinal study in Japan of adults with chronic illnesses who joined a program to learn self-management skills [13] . The program comprised group-discussion sessions with two lay leaders, and there was one session each week for six consecutive weeks. The program was open to women and men equally. Participation in the program and in this research were voluntary. This study was approved by the Research Ethics Committee of the Graduate School of Medicine at the University of Tokyo.
Before the first group-discussion session, informed consent was obtained in writing and data were collected with a questionnaire. This baseline questionnaire asked about age, schooling, marital status, and diagnoses. It also had questions asking about health status, healthrelated behaviors, and psychological factors, including self-efficacy for self-management of chronic disease.
The program was organized and administered by the Japan Chronic Disease Self-Management Association. That association invited researchers from the University of Tokyo (faculty and postgraduate students) to the first session for each discussion group. Thus, the people in some of the groups were introduced to one of the researchers, who explained the study and then distributed the informed-consent form and the baseline questionnaire. After distributing them, the researcher waited, and then collected them. The first baseline questionnaires were completed in August 2006. However, because the sessions were held outside Tokyo, this required at least one postgraduate student to be away for at least two days every time a new discussion group was organized, so the research team decided (in February 2008) to try sending the informed-consent forms and baseline questionnaires by postal mail instead. Those documents were then sent (together with a selfaddressed post-paid envelope) and returned by postal mail about two weeks before the first group-discussion session. Researchers were not among the leaders of the discussion groups, and thus the people who received the informed-consent forms and baseline questionnaires by postal mail had no face-to-face contact with a researcher.
Follow-up questionnaires were sent by postal mail 3, 6, and 12 months later. A self-addressed post-paid envelope was included. If a follow-up questionnaire was not returned within two weeks, a reminder postcard was sent. The postcards were preprinted and then signed by hand (by MJP). A person was classified as completely lost to follow-up if none of the three follow-up questionnaires had been returned by two months after the last one was sent. The last follow-up questionnaires were sent in December 2010.
We tested the hypothesis that complete non-participation in follow-up was directly related to another form of non-participation: absence, defined as the number of group-discussion sessions not attended. Also, because some of the baseline questionnaires were distributed in person by a researcher and others were sent by postal mail, we were able to test the hypothesis that complete loss to follow-up was more common among people who had not had face-to-face contact with one of the researchers.
In addition, we quantified associations with predictors of attrition or missing data that have been studied previously, though in other countries and in different clinical contexts: self-efficacy [14, 15] , multimorbidity [16] [17] [18] , diagnosis of depression [17] , sex [16, [19] [20] [21] , age [16, [19] [20] [21] [22] [23] , schooling [16, 23] , and marital status [16, 19, 20] , and we examined associations with other diagnoses (allergic disease, asthma, cancer, cardiovascular disease, connective tissue disease, diabetes, fibromyalgia syndrome, pulmonary disease, rheumatic disease, and vascular disease).
To analyze the data we used IBM SPSS version 19. As preliminary bivariate screening tests, for each categorical variable we used Fisher's exact test and for each continuous variable we used the unpaired t-test or the MannWhitney U test. Then, using the predictors with P < 0.05 from those tests we also did logistic regression analyses, including multivariate analysis (P values are listed in the supplementary table in Additional file 1).
Predictors can also be evaluated in terms of their sensitivity and specificity, and the area under the receiver operating characteristic (ROC) curve. Those indices are commonly used to evaluate predictive models [24, 25] , and they have been used previously to evaluate predictors of attrition in longitudinal studies of health-related interventions and educational programs [26] [27] [28] [29] [30] [31] [32] . They also provide a basis for estimating how many of the people who would otherwise be lost to follow-up could instead be identified beforehand if a predictor is used.
The maximum values of sensitivity, specificity, and the area under the ROC curve are all 1, and, in general, better predictors have higher values. Introductions to this topic can be found on the Internet [33] and in reference 34 [34] , and more details about the use of sensitivity, specificity, and ROC curves in the analysis of predictors can be found in references 24 [24] , 25 [25] , and 35 [35] .
Results
Among 409 people in 78 discussion groups who filled out the baseline questionnaire, 206 (in 31 groups) received and returned it in person and 203 (in 47 groups) received and returned it by postal mail. Results for the study participants as a whole are shown in Table  1 . The prevalence of complete loss to follow-up was 12.2% (50/409).
Compared with the people who returned at least one follow-up questionnaire, those who were completely lost to follow-up had more absences and were younger (Tables 2 and 3 ). They were also less likely to have met one of the researchers. The percentages of people who were lost to follow-up from the "face-to-face contact: yes" and "face-to-face contact: no" groups were, respectively, 9% and 16% (18/206 and 32/203). Those having a diagnosis of connective tissue disease were less likely to be lost to follow-up than those not having connective tissue disease, and this predictor was very sensitive, though nonspecific.
Loss to follow-up was not associated with sex, schooling, marital status, self-efficacy, having more than three diagnoses, having a diagnosis of depression, or having any of the other nine diagnoses.
When the cutoff for predicting complete loss to follow-up was set at two or more absences, the sensitivity and specificity were, respectively, 0.62 and 0.76. Thus, 62% of the 50 people who ultimately were completely lost to follow-up could have been identified no later than the time when the last group-discussion session ended, which was six weeks before the first follow-up questionnaire was sent. Predictions based on not having met one of the researchers were less specific though they were slightly more sensitive (sensitivity and specificity: 0.64 and 0.52).
One multivariate model (Table 3) had three independent variables: the number of absences, face-to-face contact with a researcher, and age. The other model also included connective tissue disease (Table 3 and Figure  1 ). As predictors, they were better than the model with the number of absences alone (Table 3 ). For the model with four independent variables, with the cutoff set at a probability of 0.83, the sensitivity was 0.82 and the specificity was 0.62.
Discussion
The number of absences was a good predictor of complete loss to follow-up. This supports the hypothesis that one form of non-participation could be used to predict another. Aubrey et al. reported a similar finding regarding participation in psychological therapy: early non-attendance could be used to predict attrition [36] . The other good predictors were age, face-to-face contact with a researcher, and the diagnosis of connective tissue disease. For those latter three, the associations were negative, that is, loss to follow-up was more common among people who were younger, those who had no face-to-face contact with a researcher, and those who did not have connective tissue disease.
The results regarding the number of absences lead to specific recommendations for future studies. Administrators of this health-education program and of others similar to it, and researchers studying those programs, should keep records of group-discussion attendance, and they should use those records to identify people who are at high risk of loss to follow-up. In the present case, if "two or more absences" had been used as a predictor, then 31 people who ultimately were completely lost to follow-up could have been identified beforehand (0.62 × 50 = 31). Age and diagnoses should also be recorded, so a multivariate model can be used to increase that number further. Whether the predictor is a multivariate model or the number of absences alone, all of the data needed are available six weeks before the first follow-up questionnaire is sent. Once people who are at high risk of loss to follow-up are identified, at least some of the methods known to be effective [11] should be used to try to retain them in the study. The results regarding face-to-face contact with a researcher are also noteworthy, because that is the only predictor in Table 2 that is modifiable. Meta-analysis has shown that pre-notification by telephone is more effective than pre-notification by postal mail for increasing the initial response rates to postal questionnaires (analysis 62.1 in reference 11 [11] ), but not the final response rates (analysis 62.2 in reference 11 [11] , although the results are very heterogeneous: I 2 = 85%). We found no previous studies of the effects of face-toface contact with a researcher on subsequent rates of postal questionnaire return. In the present study, people who had such contact immediately before they filled out the baseline questionnaire were less likely to be lost to follow-up over the following year. The implication for research is that such contact should be used as an independent variable in randomized controlled trials with participation in follow-up as the outcome. The implication for practice is that researchers should try to meet and talk with the people to whom they will later send follow-up postal questionnaires. Such face-to-face contact will probably not be free of charge. The cost and the availability of funds to cover it will of course depend on local circumstances, though a reasonable generalization might be that face-to-face contact will be less costly in studies with fewer participants. In those situations its benefit would also be greater, because small studies can least afford the loss of precision caused by even small absolute numbers of missing data and the resulting bias if those data are not missing at random (for example, preventing 10 losses to followup in a study of 50 people is more beneficial than preventing 10 losses to follow-up in a study of 500 people).
Another point to consider is the fact that many more women than men were in this study. Although the present results might not apply to a program with a much smaller percentage of women, such programs seem to be rare, while programs with many more women than men are typical. In 17 studies of programs such as this one (i.e., focusing on self-management of chronic illness [10, [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] ), the percentage of women participants ranged from 61.1% [42] to 88.9% [44] and the mean was 75.7%. In the present study it was 79.5%.
Some limitations of this study should be kept in mind. We cannot be sure why people were absent or why questionnaires were not returned. Death is one possible explanation, but it is not likely, given the facts that the follow-up period was only 1 year, that those lost to follow-up were relatively young, and that they were no more likely than the others to have high multimorbidity. Change of address is also not a likely explanation. In Japan the post office forwards mail for 1 year, after which it is returned to the sender undelivered, but no questionnaires or reminder postcards were returned undelivered. Using the number of absences to predict loss to follow-up will be most beneficial if efforts are also made to find out each person's reasons for absence and for not returning follow-up questionnaires, so the type of missing data can be identified for each outcome of interest [2, 12] . We also note that questions remain about the generalizability of the results across countries, programs, and types of surveys.
Conclusions
Even with the limitations mentioned above, the potential for bias and for loss of precision make it important to predict and prevent non-participation in follow-up. The present findings lead us to specific recommendations: First, face-to-face contact with a researcher deserves further study as a way of increasing participation in follow-up, and studies of these programs should include it. Second, particularly for research on these kinds of programs, one or more of the other predictors in a multivariate model (all of which are known before the first follow-up questionnaire is sent) should be used to identify people who are not likely to return follow-up questionnaires. Once identified, those people should receive special attention [11] to promote questionnaire return.
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